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Introduction
The ability of photosynthetic bacteria to use dinitrogen or ammonia and other reduced forms of nitrogen is a fact long ago well documented [1, 2] , However, the data on nitrate assimilation in these organisms are scarce and less clear. After the earlier claims of Katoh [3] and Taniguchi and Kamen [4] about nitrate assimilation by certain phototrophic bacteria, the subject has been recently revised, and only several strains of Rhodopseudomonas capsulata and Rhodopseudomonas sphaeroides have been found to be capable of photo-assimilating nitrate as sole nitrogen source [5] . Nitrate reductases from R. capsulata AD2 and BK5 have been isolated [6] and more recently nitrate assimilation has been demon strated in R. capsulata EjFj and its nitrite reduc tase partially characterized [7] . The present work reports on the partial characterization of the assimilatory nitrate reductase of this bacterium R. capsu lata EjFj.
Materials and Methods
R. capsulata Ex F 2 cells (a gift of Dr. W. G. Zumft, Erlangen, Bundesrepublik Deutschland) were grown phototrophically in the RCV medium containing DL-malate and (NH4)2S 0 4 [8] with continuous illu mination (2000 lux, 30 °C), using alternatively as nitrogen source the following compounds per liter:
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0341-0382/81/1100-1025 $01.00/0 K N 0 3, 1 g; NH4N 0 3, 1 g; NH4C1, 1 g; yeast extract, 1 g; L-glutamate, 1 g; and K N 0 2, 85 mg. The cul tures were maintained anaerobic either by filling completely with culture medium 125 ml screw cap ped bottles or by sparging them with high purity argon. The purity of the cultures was checked routinely on yeast extract agar plates.
Cells were harvested by centrifugation at 20000x0, 20 min, in a Sorvall RC-2B refrigerated centrifuge, washed once with 50 m M Tris-HCl buffer (pH 7.5) and lysed by osmotic shock as described by Kerber et al. [9] . The lysate was spun down at 10000 x g , 15 min, and the resulting membrane-containing super natant was used as source of enzyme.
Nitrate and nitrite reductases were assayed as described previously [10, 11] . For the photochem ical assay of nitrate reductase the conditions of Zumft et al. were used [12] . Nitrogenase was deter mined in whole cells under argon in flasks placed within an illuminated Warburg bath (2000 lux, 25 °C). Acetylene reduction was followed in a Pye Unicam gas chromatograph.
Nitrite was determined according to Snell and Snell [13] . Nitrate was estimated spectrophotometri cally as described by Cawse [14] , and ammonia by the Conway microdiffusion technique [15] , Protein was determined by the Lowry procedure using bovine serum albumin as standard [16] . When needed, cells were digested by boiling with 2 n NaOH prior to protein determination [17] . Cell growth was determined turbidimetrically by mea suring the absorbance of bacterial suspensions at 680 nm. A unit of enzyme is that amount of enzyme catalyzing the reduction of 1 ^imol of substrate per minute, and specific activity is expressed as units per mg protein.
Results and Discussion
R. capsulata Ej Fj cells grew phototrophically under argon in media with nitrate as the sole nitrogen source (Fig. 1) . When nitrate was omitted from the media no growth took place. In the presence of nitrate and under argon, the cells lacked nitrogenase (results not shown).
Nitrite was excreted to the medium but in much less quantity then the nitrate was taken up (Fig. 1) . The cells entered the stationary phase of growth when excreted nitrite reached the maximum level. In this situation nitrate ceased being taken up, and the growth obtained under argon was always half that observed in anaerobic cultures without argon which excreted much less nitrite (Fig. 2 A) .
In these latter cultures growth was observed in the absence of nitrate, albeit in its presence a higher and more vigorous growth took place (Fig. 2 A) . In this respect we did not observe any lag phase in the growth with nitrate nor any difference in compa rison with cultures utilizing ammonia or glutamate as recently reported for R. capsulata B10 [18] . The difference may be due to the fact that inocula used in our experiments came from cultures with nitrate. The rates of nitrate uptake and nitrate and nitrite reductases synthesis were similar to those observed in cultures under argon (see also ref. [7] ). However, the quantity of nitrate taken up and the growth were higher, and the excretion of nitrite 8-fold lower (Fig. 2 A) . The growth observed in nitrate-de ficient cultures was due to the utilization of the molecular nitrogen dissolved in the medium as deduced from the high cellular levels of nitrogenase measured under these condition (Fig. 2B) . A similar growth at the expense of dissolved nitrogen has been reported in R. sphaeroides, R. rubrum and R. capsulata B10 [18, 19] .
As may be seen by comparing nitrogenase activity since the cellular levels of the enzyme in cells grown on nitrate were always lower than those measured in cultures lacking nitrate (Fig. 2B) . Inhibition of nitrogenase by nitrite has been reported in R. capsulata B10 [18] , in R. palustris [20] and in other non-photosynthetic nitrogen fixers [21] . The sharp decline in nitrogenase of Fig. 2B after 30 h of growth is probably due to the destruc tion of the enzyme in ageing cells.
Only chemically reduced viologens and photochemically reduced flavins supported nitrate reduc tion to an appreciable extent in membrane prepara tions of R. capsulata Ea F j. In contrast, neither chemically reduced flavins nor reduced pyridine nucleotides (with or without added flavins) acted as electron donors in the enzyme reaction (Table I) . In this respect, nitrate reductase of R. capsulata Ex F x is similar to that of other photosynthetic [22, 23] and chemotrophic bacteria [24, 25] , and differs from that of fungi and higher plants [26] and some purple bacteria [4] which have NAD(P)H-linked assimilaTablel. Electron donors and cofactors for nitrate reductase from R. capsulata EjFj. tory nitrate reductases. The characterization of the reaction catalyzed by nitrate reductase with reduced methyl viologen indicated that no nitrate reduction took place either in the absence of methyl viologen or dithionite or when the enzyme was omitted or boiled. Besides, the reduction of nitrate was linear and stoichiometric during the first 10 min. The optimum pH for the reaction was 8.0 (results not shown). The characterization of the photochemical assay for the nitrate reductase, indicated that no nitrate reduction occurred in the dark, in the pres ence of boiled enzyme, or in the absence of EDTA, [12] . Cyanide, azide and o-phenanthroline were inhibi tors of nitrate reductase whereas chlorate was prac tically without effect (Table II) . This metal chelat ing effect strongly suggests the involvement of heavy metal(s) in enzyme activity. Similar effects on ni trate reductase have been reported in other photo synthetic bacteria [4] , Actually, the presence of iron and molybdenum has been detected in the nitrate reductases of some strains of non sulfur purple bacteria [23] . The strong inhibition by /7-hydroxymercuribenzoate points to a possible role of SHgroups in binding or catalysis. Besides, a consider able inhibition by dithioerythritol, a well known agent responsible for the reductive cleavage of disulfide bonds [27] , was also observed. Physiolog ical studies with molybdenum and tungsten indicate the possible involvement of molybdenum in the reduction of nitrate by R. capsulata Ea F x cells (results not shown).
Electron donors and cofactors

Concen tration
As in certain chemotrophic bacteria, cyanobac teria and eukaryotic algae [26] ammonia and re duced nitrogen compounds repressed the nitrate reductase of R. capsulata E jF j, even in the presence of nitrate (Table III) . When NH4N 0 3 was the nitro gen source, ammonia was utilized first, and only after exhaustion of ammonia, nitrate was used. Whether the effect of these compounds is direct at the transcriptional or post-transcriptional level, or through a product of their incorporation, or other wise, remains to be clarified. Curiously, nitrite was a better inducer of nitrate reductase than nitrate itself.
Attempts to grow the cells in the dark either with nitrate or nitrite as nitrogen source and under anaerobic conditions were unsuccessful.
